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ABSTRACT 


This  report  documents  Project  Fogwash  I,  an  experimental  program  in  which 
the  technique  of  helicopter  downwash  for  fog  dissipation  was  used.  Met¬ 
eorological  and  mi crophys I ca I  data  collected  during  the  experiment  are 
presented.  Meteorological  data  indicated  an  improvement  in  visibility 
as  a  result  of  the  downwash.  There  were  indications  in  the  microphysical 
data  obtained  that  particulate  number  varies  directly  as  relative  humid¬ 
ity  ai.d  Inversely  as  temperature  and  that  sulfate  particles  increase 
with  increased  relative  humidity. 
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INTRODUCTION 


Many  years  of  research  have  been  devoted  to  methods  of  Improving  visi¬ 
bility  within  fogs.  A  relatively  new  fog-dissipation  technique  Is  the 
use  of  helicopter  downwash.  The  first  documented  experiments  which 
made  use  of  this  technique  were  performed  In  Greenland  In  1964  Cl]*  1+ 
was  not  until  1968,  however,  that  additional  tests  [23  were  conducted, 
which  led  to  further  testing  in  1969  [33.  It  became  apparent  that  if 
this  technique  was  to  be  advanced  in  an  orderly  manner,  more  detailed 
meteorological  and  microphys i ca I  data  concerning  the  life  cycle  of  fogs 
were  needed. 

Project  Fogwash  I,  an  experimental  program  which  used  the  technique  of 
helicopter  downwash  to  create  holes  in  fog,  was  carried  out  in  February 
I97|  at  Fort  Rucker,  Alabama,  in  conjunction  with  the  U.  S.  Army  Avia¬ 
tion  School.  I n  selecting  the  site  for  the  experiment,  the  statistically 
low  fog  probability  at  Fort  Rucker  (Table  I)  was  more  than  offset  by 
the  availability  of  a  variety  of  rotary-wing  aircraft  and  the  opportunity 
for  the  Aviation  School  to  gain  first-hand  knowledge  of  this  dissipation 
techn ique. 

Two  radiation  fogs,  (16-17  February  and  18  February)  provided  the  oppor¬ 
tunity  to  demonstrate  the  feasibility  of  fog  dissipation  by  helicopter  and  to 
gather  microphysical  data  required  in  establishing  modification  proce¬ 
dures  and  in  numerical  modeling. 

Data  acquired  during  the  experiment  both  within  and  outside  the  realm  of 
helicopter  influence  are  presented  in  terms  of  meteorological  conditions, 
fog  measurements,  and  helicopter  effects.  Listings  of  project  partici¬ 
pants  and  in-flight  data  are  provided  in  the  appendices.  The  in-flight 
data  have  been  reproduced,  unedited,  from  the  pilots'  logs. 


EXPERIMENTAL  TECHNIQUE 

The  basic  experimental  technique  of  Fogwash  I  was  to  employ  helicopters 
singly  and  in  pairs  to  dissipate  fog  at  a  target  area  on  Skelly  Army  Air 
Field  (AAF)  and  at  the  same  time  to  measure  microphysical  and  meteorolo¬ 
gical  parameters  related  to  that  fog.  Figures  I  and  2  show  the  relative 
positions  of  the  target  area,  Mobile  Cloud  Physics  Laboratory  (MCPL), 
and  instrumentation.  Meteorological  observations  3nd  selected  samples 
of  microphysical  parameters  were  taken  in  and  around  the  downwash-af f ected 
area  as  well  as  in  the  undisturbed  MCPL  area  north  of  the  target. 


Sequence  of  Events 

A  fog  forecast  for  Skelly  AAF,  supplied  by  the  9th  Detachment,  16th 
Weather  Squadron,  U.  S.  Air  Force,  at  Cairns  Army  Air  Field  (approximately 


TABLE  I 


Occurrence  of  Fog  as  Tabulated  by  Detachment  9,  16th  Weather  Squadron, 
U.S.  Air  Force,  Fort  Rucker,  Alabama 


Percent  of  Occurrence  Below  Aircraft  Takeoff  or  Landing  Minimums 

of  200  feet  Vertical  V i s i b i I i ty  and  2400  feet  Ground  Hori zonta I  Visibility 


TIME  OF  DAY 

JANUARY 

FEBRUARY 

MARCH 

(HRS) 

% 

% 

% 

0000  -  0300 

6 

5 

3 

0300  -  0600 

1 

8 

8 

0600  -  0900 

8 

8 

6 

0y00  -  1200 

3 

2 

1 

2 


25  miles  east  of  the  target  area)  initiated  the  following  sequence  of 
events : 


All  personnel  were  alerted  as  to  a  T-0*.  All  project  personnel,  except 
the  pilots,  reported  to  their  duty  stations  at  T - 1 80  minutes  to  perform 
operational  checks  and  adjustments.  At  T— 1 20  minutes  the  first  balloon- 
borne  radiosonde  was  released  to  obtain  temperature  and  relative  humidity 
data  and  was  tracked  for  six  minutes  or  until  it  reached  an  altitude  of 
6000  feet  MSL. 

At  T-90  minutes,  a  Kytoon  was  launched  to  provide  a  lifting  mechanism 
for  a  modified  radiosonde  package.  At  T-30  minutes,  tethered  marker 
balloons  were  launched  and  allowed  to  ascend  to  an  altitude  of  approxi¬ 
mately  200  feet  above  the  fog  top  to  mark  the  downwash  target  area.  At 
T-5  minutes,  the  mobile  met  station  (measuring  temperature  and  humidity) 
began  its  traverse  of  the  target  area  and  periphery  which  continued  until 
the  day's  mission  was  terminated.  Operation  of  horizontal  and  vertical 
visibility  sensors  was  also  initiated  at  T-5  minutes. 

At  T-0,  the  first  helicopter  (CH-54)  arrived  over  The  target  area  and 
hovered  at  an  altitude  of  1230  feet  MSL  (Skelly  elevation  188  feet  MSL) 
for  a  period  of  five  minutes.  The  helicopter,  guided  by  marker  balloons, 
then  vertically  descended  in  200-foot  increments,  hovering  at  each  level 
for  five  minutes,  until  it  reached  an  altitude  of  630  feet  MSL,  where  it 
remained  until  T+31  minutes.  At  that  time  the  helicopter  departed,  and 
the  marker  balloons  were  repositioned  at  an  altitude  of  200  feet  above 
the  fog.  Nine  minutes  after  departure  of  the  first  helicopter,  a  second 
aircraft  (CH-47)  arrived  over  the  area,  hovered,  vertically  descended, 
and  departed.  Nine  minutes  later,  the  third  and  fourth  aircraft  (UH-I's) 
arrived  side  by  side,  vertically  descended,  and  departed. 

It  should  be  noted  that  the  hover  and  downwash  portion  of  the  experiment 
took  approximately  31  minutes  and  that  a  time  of  9  minutes  was  allotted 
between  downwash  experiments.  At  the  termination  of  the  test,  following 
the  departure  of  the  Ihird  and  fourth  helicopters,  a  radiosonde  was 
launched  and  tracked,  and  al!  other  equipment  was  secured.  Surface  wind 
and  dry-  and  wet-bulb  temperatures  were  monitored  at  the  meteorological 
van  throughout  the  experiment. 

SYNOPTIC  PATTERN 

Analysis  of  the  national  weather  picture  for  February  17  and  18  indicated 
that  similar  national  and  iocal  weather  patterns  existed  for  each  date. 

y  •  1  1  ■ 

T-0  was  that  predetermined  time  at  which  the  first  helicopter  began  dis¬ 
sipation  efforts  each  day  a  fog  was  encountered. 
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Generally,  frontal  systems  were  located  to  the  distant  north  and  northwest 
of  Fort  Rucker  over  the  plains  or  midwest  region,  while  a  large  high 
pressure  system  dominated  the  eastern  third  or  half  of  the  country.  On 
both  days,  a  high  pressure  center  was  off  the  North  Caroline.,  coast  and 
moving  northeastward.  As  the  high  advanced  northeastward,  ci-culatlon 
around  the  high  pressure  center  began  pumping  warmer,  moist,  light  south¬ 
easterly  winds  off  the  Gulf  of  Mexico  over  the  cooler  land  of  southern 
A I abama . 


MEASUREMENT  METHODS  AND  RESULTS 

Data  gathered  in  the  downwash-af fected  area  were  telemetered  o  either 
the  meteorological  van  or  instrumentation  van  and  recorded.  Dafa  ob¬ 
tained  in  an  area  of  the  fog  undisturbed  by  the  helicopter,  approxima¬ 
tely  1.5  miles  north  of  the  target  area  (Figure  I)  were  recorded  at 
that  site  in  the  Atmospheric  Sciences  Laboratory  (ASL)  Mobile  Cloud 
Physics  Laboratory  (MCPL)  van.  Instrumentation  utilized  during  the 
test  period  is  summarized  in  Table  II. 


METEOROLOGICAL  MEASUREMENTS 
Mobile  Met  Station  (MOMET) 


Sensing  instrumentation,  consisting  of  a  radiosonde  which  was  modified 
for  continuous  readout,  was  attached  to  the  center  of  the  front  bumper 
of  a  jeep  such  that  the  radiosonde  was  located  seven  feet  above  ground 
level.  The  vehicle  traveled  a  pattern  around  the  target  area  (Figure 
2)  as  follows:  Starting  at  the  center  of  Skelly  AAF,  traveling  south 
on  36R,  then  west  on  taxi  way,  then  north  on  36L  and  northwest  on  I4R, 
then  north  on  taxiway  and  southeast  on  i 4 L  returning  to  the  center.  The 
MOMET  gathered  temperature  and  relative  humidity  data  continuously  from 
T-5  to  T+35  minutes,  and  the  data  were  recorded  on  a  standard  AN/TMQ-5. 
Information  concerning  the  position  of  the  jeep  was  recorded  on  a  San¬ 
born  Model  350  recorder. 

The  MOMET  data  were  reduced  to  provide  the  temperatures  and  relative 
humidities  as  functions  of  distance  of  the  instrument-carrying  jeep  from 
the  expected  location  of  helicopter  hover.  The  results  of  these  measure¬ 
ments  are  illustrated  in  Figures  3-6. 


Vertical  Profiles  of  Temperature  and  Relative  Humidity 


Two  AN/AMT-4  Radiosondes  were  released  from  the  meteorological  van  for 
each  mission,  one  at  T-120  minutes  and  the  other  at  T+150  minutes. 
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unaffected  fog 


igure  3.  Ground  Level 
Skel ly  AAF, 


RELATIVE  HUMIDITY  {%) 


Figure  4 


10-Mi nu+e  Interval  Means  and  Extremes  of  Temperature 


Ground 
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Figure  6 
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10-Minute  Interval  Means  and  Extremes  of  Temperature  (C)  and 
and  Relative  Humidity  (%)  Skelly  AAF,  18  Feb  1971. 


Temperature  and  relative  humidity  data 
the  surface  to  approximately  6000  feet 
by  the  AN/GMD-K  )  were  recorded  on  an 


were  obtained  continuously  from 
above  ground  level;  data  received 
AN/TMQ-5  recorder. 


Kytoon  Vertical  Meteorological  Data 


Meteorological  data  concerning  the  state  of  the  environment 
side  the  area  affected  by  helicopter  downwash  were  collected 
continuous  measurements  of  temperature  and  relative  humidity 
Site  (Figure  2).  A  J-12  Kytoon  balloon  (length,  45'6";  maxi 
1 6' 9";  total  volume,  6000  ft^  helium)  was  used  to  lift  a  rad 
an  initial  altitude  of  1000  feet  above  ground  level;  the  rad 
continuously  raised  and  lowered  every  5  minutes  from  T-90  to 
Data  received  by  the  AN/GMD-I(  )  were  recorded  on  an  AN/TMQ- 
The  results  are  presented  in  Figures  7  and  8  in  which,  for  p 
purposes,  fog  was  assumed  to  exist  at  all  relative  humiditie 
than  9556.  One  successful  radiosonde  observation  was  obtaine 
data  are  shown  in  Table  III  and  Figure  9. 


near  but  out- 
by  use  of 
at  Kytoon 
mum  diameter, 
iosonde  to 
iosonde  was 
T+60  m i nutes , 
5  recorder, 
ctor i a  I 
s  greater 
d,  and  the 


Visibility  Data 

Visibility  was  determined  by  two  methods:  horizontal  relative  visibility 
transmi ssometer  values  and  both  horizontal  and  vertical  photographic 
indications. 


T ransm I ssometer.  Transmi ssometer  data  were  acquired  by  a  four-path  system 
consisting  of  a  large  Xenon  flash  lamp  located  in  the  center  of  the  target 
area  and  four  receivers  (Figure  10)  mounted  on  tripods  used  for  horizon¬ 
tal  visibility  markers  as  shown  in  Figure  2.  The  receivers  consisted 
of  photocells  (type  5653)  followed  by  pulse-stretching  circuitry  and  an 
operational  amplifier  (Figure  II), 

In  the  data  reduction,  it  was  assumed  that  the  highest  value  of  light  in¬ 
tensity  recorded  on  each  record  was  the  value  corresponding  to  a  clear- 
air  transmission  coefficient,  and  al!  values  were  normalized  with  respect 
to  this  coefficient;  this  procedure  obviated  external  calibration  but  re¬ 
quired  the  assumption  of  system  stability  over  the  time  interval  involved. 
The  normalized  values  are  shown  in  Figure  12.  Although  this  figure  depict 
relative  visibility  over  the  transmi ssometer  path,  it  is  somewhat  mis¬ 
leading  in  that  a  zero  value  may  or  may  not  be  complete  visual  obscuration 
and  likewise  for  the  other  extreme.  A  more  definitive  display  appears 
in  Figure  13  in  which  visibility  is  given  in  terms  of  attenuation  coef¬ 
ficient  as  a  function  of  time;  the  attenuation  coefficient  is  the  trans¬ 
mission  coefficient  correcled  for  a  I  km  path  length. 
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FIGURE  10.  Typical  horizontal  visibility  marker  and  transmissometer 
layout. 
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HEAT  StNKED 


Transmi ssometer  Schematic. 


Photographic  Indications,  Two  35mm  Automax  G-2  cinepulse  cameras  with 
automatic  exposure  control  and  400-foot  Mitchell  magazines  were  used  to 
record  light  attenuation.  One,  for  horizontal  visibility  determinations, 
was  positioned  In  the  center  of  the  target  area;  the  other,  for  vertical 
visibility  determinations,  was  mounted  on  the  CH-54  helicopter  and  pointed 
vertically  downward  at  the  target  area.  The  cameras  were  activated 
every  20  seconds  by  a  cam-operated  switch.  Eastman  FM  color  film 
(FSN  6750-916-2809)  was  used  in  the  airborne  camera,  and  black  and  white 
lineograph  shell  burst  film  (FSN  6750-965-4588)  in  the  ground-based 
camera  (300mm  lens  set  at  f/22,  focussed  at  infinity,  and  shutter  speed 
fixed  at  1/64  second).  The  airborne  camera  aperture  setting  was  con¬ 
trolled  by  an  automatic  sensing  device. 

Light  sources  were  150-watt  flood  lamps  mounted  three  feet  and  8  feet 
above  ground  level  on  tripods.  In  each  cardinal  direction,  two  lamps 
were  positioned  500-feet  from  the  ground-based  camera;  in  the  north  and 
south  directions,  lamps  were  also  placed  1000  feet  from  the  camera,  while 
in  the  east  and  west  directions,  because  of  terrain  factors,  the  lamps 
were  placed  900  feet  from  the  camera.  (Calculations,  however,  were 
made  for  1000  feet,  the  100  foot  difference  being  neglected.)  Their 
light  was  reflected  by  a  four-sided  pyramid  of  mirrors  into  the  camera 
in  the  center  of  the  array.  The  strength  of  the  photographic  light 
images  was  considered  an  indication  of  light  attenuation  (visibility) 
in  the  fog.  Each  exposed  frame  (Figure  14)  Includes,  in  addition  to 
the  raw  data,  time  (CST),  frame  number,  and  date  slate.  The  system 
operated  from  0500  to  0800  hours  CST  on  17  February  and  from  0620  to 
0840  on  18  February. 

Photographic  data  were  reduced  by  use  of  eight  photosensitive  devices 
(IN2I75).  The  negative  film  strip  was  projected  and  eight  holes  were 
cut  where  the  light  images  impinged.  A  light  diode  was  placed  behind 
each  hole,  which  was  masked  down  smaller  than  the  size  of  the  image.  The 
voltages  from  each  cell  were  amplified  and  recorded.  Continuous  compar¬ 
isons  were  made  to  confirm  that  the  readings  corresponded  to  the  apparent 
visual  darkness  of  the  images,  and  frequent  spot  checks  were  made  on 
diode  and  amplifier  stabilily. 

Voltage  values  from  each  sensor  corresponding  to  complete  visibility 
(Cv)  and  complete  obscuration  (CQ)  were  measured  prior  to  recording  the 
data  voltages  (V).  The  ratios  ( V-Cv) (C0-Cv)  were  calculated,  1 00%  cor¬ 
responding  to  complete  obscuration  and  \%  or  less  to  unobscured  visibility. 
This  is  a  monotonic  function  of  relative  transmissivity. 

Results  for  each  light  source  are  shown  in  Figures  15  and  16,  for  February 
17  and  18,  respectively.  The  fog  sometimes  caused  complete  obscuration 
of  the  lights  at  1000  feet,  while  the  lights  at  500  feet  were  always 
vis'ble  to  some  extent.  Terrain  differences  which  might  have  contributed 
to  vhe  variations  in  the  data  from  the  individual  1 i ght  sources  are 
I  i sved  i n  Tab  I e  IV. 
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ital  Visibility  Camera  Raw  Data,  S kelly 
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TABLE  IV 


TERRAIN  DIFFERENCES  OF  HORIZONTAL  VISIBILITY 
MEASUREMENT  SYSTEM 


NORTH  -  The  distance  on  the  near  leg 
equals  500'  of  grassy  turf 
and  asphalt  runway.  275' 
includes  MOMET  path*. 

EAST  -  The  distance  on  the  near  leg 
equals  500*  on  runway  edge. 
150'  asphalt  runway  includes 
MOMET  path*  with  the  light 
path  nearer  ground  level. 

SOUTH  -  The  distance  on  the  near  leg 
equals  500*  on  runway  edge; 
150'  asphalt  runway. 

WEST  -  The  distance  on  the  near  leg 
equals  500*  on  the  runway 
edge.  200*  asphalt  runway 
includes  MOMET  path*. 


The  distance  on  the  far  leg  was  1000' 
on  very  wet  ground  and  50'  on  asphalt 
runway  near  wet,  swampy  areas. 

Th6  distance  on  the  far  leg  was  900' 
on  the  cultivated  field  crossing  an  aspha 
runway  at  50',  and  an  asphalt  road, 
light  traffic  at  500'  out  and  the  path 
was  300'  from  houses. 

The  distance  on  the  far  leg  was  1000' 
on  grassy  turf  and  an  asphalt  runway 
for  50' 

The  distance  on  the  far  leg  was  900* 
on  grassy  turf  and  asphalt  runway  for 
75*  in  edge  of  forest  creek  to  500' 
west. 


*  The  travel  path  of  fhe  jeep  with  the  met  instrumentation. 
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On  17  February,  tho  ground-based  camera  was  activated  at  T-l  hour.  The 
data  (Figure  15)  show  a  maximum  fog  intensity  at  0545  hours  CST,  A  second 
maximum  occurred  at  0610  hours,  3  minutes  after  the  CH-54  arrived  at  1230 
feet  MSL  and  may  have  been  the  result  of  the  fog  being  downwashed  Into  the 
area.  The  fog  then  appeared  to  dissipate  fairly  linearly,  with  some 
striking  dips  occurring  at  the  times  of  the  lowest  levels  reached  by 
the  CH-54.  Data  from  the  light  sources  in  the  north,  east,  and  south 
directions  in"  ate  that  the  fog  had  completely  dissipated  by  about  0710 
hours  CST. 

Again,  on  18  February,  the  ground-based  camera  was  activated  at  T-l  hour, 
15  minutes  prior  to  the  arrival  of  the  CH-54.  According  to  the  data 
(Figure  16),  the  fog  was  at  a  maximum  intensity  at  the  time  the  camera 
was  activated  and  began  to  dissipate  shortly  thereafter. 


MICROPHYSICAL  MEASUREMENTS 


The  study  of  particulate  chemistry  is  a  means  of  better  understanding  fog 
evolution  and,  hence,  artificial  dispersion.  Temporal  changes  of  fog 
chemistry  help  in  the  determination  of  which  dissipation  technique  Is  best 
suited  for  a  given  place,  or  fog,  or  time,  or  combinations  thereof.  A 
recent  study  has  indicated  the  abundance  of  sulfate-containing  condensation 
nuclei  at  selected  locations  C4].  Direct  observations  C5]  of  sulfate 
variation  in  atmospheric  particulates  during  periods  of  moisture  (rain, 
fog,  haze,  or  high  relative  humidity)  Indicated  a  direct  correspondence 
between  the  variation  of  sulfate  and  relative  humidity.  Fogwash  I  permitted 
the  testing  of  the  hypotheses  that  sulfate  content  increases  with  moisture 
increase,  that  sulfates  act  as  condensation  nuclei  constituents,  and  that 
the  number  of  particles  containing  sulfate  are  increased  during  Tog. 

Selected  data  are  presented  in  Table  V  and  Figure  17, 

Thermal  Diffusion  Chamber.  This  device  for  measuring  low  levels  of  con¬ 
densation  nuclei  concentrations  consists  of  four  principal  components: 
a  thermal  diffusion  chamber,  a  collimated  light  source,  a  photo-recording 
system,  and  a  conditioning  chamber. 


Condensation  Nuclei  Counter.  The  counter  used  to  measure  high  levels  of 
nuclei  concentrations  was  a  commercially  available  General  Electric 
Condensation  Nuclei  Counter. 


Single-Stage  Impactor.  Fog  drop  size  distribution  in  the  target  area  was 
sampled  before,  during,  and  after  a  foggy  period  to  determine  drop  size 
changes  and  number  of  drops.  A  Kumai  L6,7]  hand-held,  single-stage  im- 
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TABLE  V 

content  and  total  particle  concentration 


NUMBER  DENSITY  (  CM 


TSME(CIT) 


Figure  17.  Unaffected  Fog  Area  Condensation  Nuclei  and  Droplet  Concen¬ 
trations. 


pac+or  was  used  to  sample  a  50  cc  volume  of  foggy  air  for  a  one-second 
time  period  at  30-minute  intervals.  Sampler  efficiency  Is  above  83?  for 
droplets  as  small  as  0.9  y  and  increases  to  100?  for  droplets  greater 
than  7.0  y. 

The  stage  or  Impactor  surface  was  a  gelatin-coated,  10mm  diameter  circular 
glass  disc.  The  disc  was  placed  In  the  impactor  shortly  before  the 
sample  was  to  be  taken;  unfortunately,  the  slide  was  exposed  to  the  fog 
whenever  the  slide  box  was  opened  and  before  the  cover  was  placed  on  the 
impactor.  Large  drops  in  the  fog  preferenti a  I ly  fell  on  the  slide  during 
these  exposed  periods  and,  thus,  have  weighted  the  distribution  toward 
larger  sizes. 

To  account  for  droplet  spreading  on  impaction  on  the  gelatin  [8],  the  drop 
sizes  were  multiplied  by  a  factor  of  0.6.  Data  revealed  that  the  mode 
drop  sizes  of  approximately  18  u  radius  were  larger  than  the  typical 
radiation  fog,  the  mode  of  which  is  usually  about  7  or  8  y.  Fog  drop  size 
data  are  presented  in  Table  VI  and  permit  the  analysis  of  drop  size  and 
number  changes  -esultlng  from  helicopter  downwash. 


Andersen  Sampler.  A  6-stage  Andersen  Sampler  was  used  to  measure  the 
number  of  sulfate  particles  and  total  number  of  fog  particulates  In  the 
undisturbed  area  (Figure  I,  MCPL).  The  last  three  stages  (4,  5,  and  6) 
were  utilized  as  collecting  sites;  particulate  radii  associated  with 
stages  4,  5,  and  6  are,  respectively:  greater  than  1.0  u,  0.4  to  1.5  y, 
and  0.2  to  0.4  y.  Samples  taken  before  and  after  the  fog  of  16-17  February 
indicated  a  buildup  of  sulfate  percentage  and  total  particulates  after 
the  fog.  (See  Table  VII.) 

Prior  to  the  fog,  one  hundred  and  five  daytime  samples,  each  of  which 
confained  particles  collected  from  approximately  15  cubic  feet  of  air, 
were  obtained.*  A  direct  variation  of  particulate  number  with  relative 
humidity  was  noted  at  the  MCPL,  indicating  that  an  increase  in  particle 
number  is  linked  to  increasing  relative  humidity,  as  was  noted  earlier  C4D. 

An  inverse  variation  of  particulate  number  with  temperature  was  observed 
and  suggested  that  solar  heating  expanded  the  lower  level  air  mass  which 
resulted  In  reducing  the  number  of  particles  per  sampled  volume.  Convec¬ 
tive  transport  of  the  warmed  air  probably  carried  the  particulates  upward, 
with  a  resultant  decrease  in  sampled  particles. 

■S - 

Collected  for  15  minutes  each  hour  beginning  at  0900  hours  and  ending 

at  1500  hours  from  3  through  7  February. 
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Fog  Droplet  Radii  at  Target  Area,  17  February  1971 


OOOOOOOOOLf\r*~i<M£;inqCO 

oooooooooC'CJ'cr\®ovor' 


CMI'O*st-'O00'«*vOCMr-f-f'-CN  —  ^^CNkD'O'O  —  r~  r~ 

odooooooooo - n - 0 


OOCNIOOr-inOKJOOOOOOOOOOOOLn 

M03lfiNNOO«O  -  'O 

—  M  N  K1  K1  K1  M - 


ON'O^'D-Oif'-NOMD^ 

r7'immmcNmr'-'3’'3'Cr>  —  ir\co 

- ~  rA  ^  CM - 


ooooooooooooooooqooooo 
oooooooooooooooooooooo 
«t^rrrfor~tn»3’fn,iJCDinm'3',a’0>CDiN|0  —  — ;  N  w 
IA  KU'I  Kl  N  M  (N  —  —  —  —  —  —  —  CNCSfO,=f^r'f^fA|CvJ 


ooooooooooooqoqoqqoooo 
<(f_r>intM-'d,-vfvootNvD'gin-coingO^< 
KS^fOCNimcNCNCM  —  (SNCSCNn^^^lAfA'tm'D 


OOOOOOOOOOOOOOOOOqoooq 

oKioinoinofno^oiAOMo|AO^o^ 

Sfsoooooooooooooooooooo 


>6 


Eighty-seven  samples  taken  over  a  continuous  29-hour  period  (0500  hrs, 
II  Feb  to  1000  hrs,  12  Feb)  at  the  MCPL  site  Indicated  an  increase  in 
average  particulate  number  beginning  after  1500  hours. 


SUMMARY 

Microphysical  measurements  of  a  fog's  life  cycle  were  acquired  and  will 
aid  In  numerical  modeling.  These  data  Indicate  that  particulate  number 
varies  as  relative  humidity  and  inversely  as  temperature  and  that  sul¬ 
fate  particles  increase  with  increased  relative  humidity.  Further  micro¬ 
physical  experiments  and  life  cycle  measurements  should  be  conducted. 

Also,  testing  and  refinement  of  helicopter  downwash  techniques  should 
be  conducted. 
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APPENDIX  A 


NOTE:  Aircraft  Commander  -  AC 
Pi  lot  -  P 
Crew  Chief  -  CC 
Officer  in  Charge  -  0 1 C 

Non-Commissioned  Officer  in  Charge  -  NCOIC 
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CH54A  INFLIGHT  DATA/PROJECT  FOGWASH  I 
FOG  I 

Number:  71-2  Start:  0602 

Date:  17  February  1971  Fog  Run  I  Time  51  min. 

Time:  0544  CST  Finish:  0653  CST 

Initial  Gross  Weight:  32,500 
Alt  Setting:  30.28 
Fuel  Flow:  3000 
%  Torque:  36 
Air  Temp:  +I4°C 
Exhaust  Temp:  410 
440 

Roll/Pitch:  S&L 
Frd  Speed:  0 

Altitude:  1230  100'  Altitude  to  600'  MSL  5  min  ea 

Heading:  310  -  325 

Re  I  Position:  Over  Target 

Fog  Appearance:  Thin  and  occasionally  broken. 

Fog  Changes:  Fog  cleared  below  A/C  all  the  way  to  ground,  visibility 
was  good  -  fog  appeared  to  build  on  outer  perimeter  of 
airfield. 

Gen  Obs  and  Comments:  Marker  balloons  were  placed  too  close  to  target. 

Cluster  balloons  appeared  to  be  right  distance. 

Time  CST  -  A 1 1 1 tude-MSL- 1 nd I cated 


0607 

1230 

0622 

1000 

0627 

900 

0632 

800 

0637 

700 

0642 

600 

0647 

Depart  for  Hanchey  AAF 

Preceding  page  blank 
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APPENDIX  B 

PROJECT  FOGWASH  I 
CH47C  -  FOG  2  -  INFLIGHT  DATA 

Number:  71-2  Start:  0653  CST 

Date:  17  February  1971  Fog  Run:  2  Time:  21  min 

Time:  0630  CST  Finish:  0714  CST 

Initial  Gross  Weight:  29,000  lbs 

Alt  Setting:  30.31 

Fuel  Flow:  2250  lbs  per  hour 

%  Torque:  600  lbs 

Ai r  Temp:  I4°C  9 

Exhaust  Temp:  475  470^ 

Rol I/Pitch:  3°RR(wind)  Pitch-Neutral 
rrd  Speed:  0 

Altitude:  1200  Indicated  *sec  back 

Heading:  315 

Re  I  Position:  Target 

Fog  Appearance:  @0705  hrs  fog  tops  400’MSL  -  @  0709  hrs  fog  tops 
300' -350' MS L 

Gen  Obs  and  Comments: 

Time  CST  -  A 1 1 1 tude-MSL- I ndi cated 


0653 

1000 

0658 

800 

0703 

600 

0708 

400 

0714 

Depart  area 

APPENDIX  B 


PROJECT  FOGWASH  I 
UH-ID  INFLIGHT  DATA 
FOG  3A 

Number:  71-2  Start:  0720  CST 

Date:  17  February  1971  Fog  Run:  3  Time:  20  min 

Time:  0700  hrs  CST  Finish:  0735  CST 

Initial  Gross  Weight:  7127  lbs 
Alt  Setting:  30.12 
Fuel  Flow:  520  lbs  per  hour 
%  Torque:  31 
A I r  Temp:  +I6°C 
Exhaust  Temp:  560°C 
Roll/Pitch:  Straight  and  level 
Frd  Speed:  0 

Altitude:  800,  600,  400'  MSL 
Heading:  306 
Re  I  Position:  Over  targel 
Fog  Appearance:  Thin  -  Layer 

Fog  Changes:  Fog  had  large  opening  with  large  swirls  on  outside  of 
open i ng. 

Gen  Obs  and  Comments: 

Time  CST  -  A 1 1 1 tude-MSL- 1 nd i cated 


0718 

800 

0724 

600 

0730 

400 

0735 

Depart  area 
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PROJECT  FOGWASH  I 
UH-ID  INFLIGHT  DATA 
FOG  3B 

Number:  71-2  Start:  0720  CST 

Date:  17  February  1971  Fog  Run:  3  Time: 

Time:  0730  Finish:  0735  CST 

Initial  Gross  Weight:  7154  lbs 
Alt  Setting:  30. 12 
Fuel  Flow:  500  Ibs/hr  HOVER 
%  Torque:  28  lbs 
A I r  Temp:  +I6°C 
Exhaust  Temp:  500  E.G.T. 

Roll/Pitch:  stand  level 
Frd  Speed:  0 

Altitude:  800',  600',  400*  MSL 
Heading:  310° 

Re  I  Position:  Over  target 

Fog  Appearance:  Ridges  with  valleys  and  peaks  moving  from  Northwest  to 
Southeast. 

Fog  Changes:  Large  holes  were  blown  behind  hovering  aircraft. 

General  Obs  and  Comments: 

Time  CST  -  Altitude-MSL- I ndicated 


0718 

800 

0724 

600 

0730 

400 

0735 

Depart  area 
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CH54B  INFLIGHT  DATA/PROJECT  FOGWASH  I 
FOG  I 

Number:  71-3  Start:  0735  CST 

Date:  18  February  71  Fog  Run:  I  Time:  33  m!n 

Time:  0714  CST  Finish:  0808  CST 

Initial  Gross  Weight:  3200 
Alt  Setting:  30.31 
Fuel  Flow:  3000 
%  Torque:  32 
Ai r  Temp:  I5°C 
Exhaust  Temp:  470°C 
Roll/Pitch:  S&L 
Altitude:  I  100  MSL 
Heading:  360° 

Re  I  Position:  Over  target 

Fog  Appearance:  Patchy  -  mainly  In  low  areas.  Appears  to  be  a 

localized  fog.  Approximately  4  miles  E  of  Skelly  we 
encountered  fog  bank  -  tops  500  MSL  (Met  Report  tops 
720  MSL  0719  hr.) 

Fog  Changes:  Good  hole  VER  -  landed  with  no  closing  from  above. 

NOTE:  Atmos  appeared  polluted  -  fog  was  light  tan 
in  color  -  after  ops  a  haze  from  ground  level  to 
1000  MSL  was  observed  to  be  wide  spread  &  tanish 
brown  in  color. 

Gen  Obs  and  Comments:  Cannot  tell  difference  with  and  without  lens 

on  high  intensity  light.  Camera  on  0732  hrs 
CST  2000  MSL  and  Off  0802  below  400  MSL 

Time  CST  -  Alti tud^jMSL- I nd i cated 

0735  1100 

0745  '  900 

0750  70$ 

0755  500 

0808  Landed  in  target  area 
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CH47C  INFLIGHT  DATA/PROJECT  FOGWASH  I 
FOG  2 


Number:  71-3  Start:  0806 

Date:  18  February  71  Fog  Run:  2  Time:  19  min 

Time:  0730  CST  Finish:  0825  CST 

Initial  Gross  Weight:  2800 
Alt  Setting:  30.29 
Fuel  Flow:  2040 
%  Torque:  600 
A I r  Temp :  1 4°C  . 

Exhaust  Temp:  480° 

480°^ 

Roll /Pitch:  S&L 
Frd  Speed:  0 

Altitude:  1200',  800',  600' 

Heading:  315 

Re  I  Position:  Target 

Fog  Appearance:  Strip  100  yards  wide  7  miles  on  Heading  270 
starting  from  Target  Point  After  CH-54  Hrd 
finished  -  hovering. 

Fog  Changes:  Looks  more  like  thin  haze  layer. 

Gen  Obs  and  Comment's: 


Time  -  CST  -  Al ti tude-MSL- I nd I cated 


0806 
081  I 
0816 
0821 
0825 


I  100 

900 

700 

500 

Landed  in  target  area 
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UH-ID  I NFL4-GHI_QAT A/PROJECT  FOGWASH  I 
FOG~3A~  - - - - 


Number:  71-3 
Date:  18  February  71 
Time:  0745  CST 


Start:  0828 

Fog  Run:  3  Time:  9  mi n 
Finish:  0832 


Initial  Gross  Weight:  7470 

Alt  Setting:  29.13 

Fuel  Flow:  540 

%  Torque:  30 

Ai r  Temp :  1 2 

Exhaust  Temp :  5 10 

Rol I /Pitch:  S&L 

Frd  Speed:  20  Kts  IAS 

Altitude:  200 

Heading:  36L  Returned  18  R 

Rel  Position:  Over  Target 

Fog  Appearance:  Thin  ground  fog 

Fog  Changes:  Fog  had  dissipated  by  the  time  we  approached  on  station 
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UH-ID  INFLIGHT  DATA/PROJECT  FOGWASH  I 
FOG  3B 


Number:  71-3 
Pate:  10  February  71 
Time:  0745  CST 


Start:  0828 

Fog  Run:  3  Time:  9  min 
Finish:  0832 


Initial  Gross  Weight:  6984 
A  It  Setting:  29.13 
Fuel  Flow:  500 
%  Torque:  N/A  (29-31) 

Al r  Temp :  1 2 

Exhaust  Temp:  565®C 
Rol I /Pitch: 

F rd  Speed:  05  Knots 
Altitude:  400  MSL 
Headings:  360  &  180 
Re  I  Position:  Over  target 

Fog  Appearance:  Fog  had  dissipated  by  the  time  we  had  moved  on  stati 
One  little  cloud  bank  with  tops  at  400  MSL. 

Fog  Changer-  After  passing  through  from  South  to  North,  a  Swath 
above  twice  the  size  of  Rotor  Dia.  was  cut. 


Gen  Obs  and  Comments: 
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